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Abstract 

We investigate the reaction e p — ► e PS X where PS denotes a pseudoscalar 
meson 7r°, 77, r/, or r? c and X either a proton or resonance or continuum states into 
which the proton can go by diffractive excitation. At high energies photon and 
odderon exchange contribute to the reaction. The photon exchange contribution is 
evaluated exactly using data for the total virtual photon-proton absorption cross 
section. The odderon exchange contribution is calculated in nonperturbative QCD, 
using functional integral techniques and the model of the stochastic vacuum. For 
the proton we assume a quark-diquark structure as suggested by the small odderon 
amplitude in pp and pp forward scattering. We show that odderon exchange leads 
to a much larger inelastic than elastic PS production cross section. Observation of 
our reaction at HERA would establish the soft odderon as an exchange object on 
an equal footing with the soft pomeron and would give us valuable insight into both 
the nucleon structure and the mechanism of high energy diffractive scattering. 
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1 Introduction 



The phenomenological (non-perturbative) pomeron has long been established as an effec- 
tive Regge pole whose exchange governs high-energy diffractive hadron-hadron scattering 
Q. The pomeron carries vacuum quantum numbers C = P = +1, and there is no a priori 
reason why a C = P = — 1 partner, the phenomenological odderon |2|], should not exist. 
If present, the exchange of an odderon Regge pole would produce a difference between pp 
and pp scattering at high energies and at small momentum transfer. A particularly sensi- 
tive test is provided by measurements of the forward real part of the pp and pp scattering 
amplitudes, and they are consistent with the absence of odderon exchange ||. There are 
two possible explanations for the apparant absence of the odderon. One is that the non- 
perturbative odderon really does not exist. This seems implausible as QCD-based models 
of the phenomenological pomeron can easily be extended to describe a phenomenological 
odderon. Further a perturbative "odderon" , namely three-gluon exchange^ is believed to 
dominate large-angle pp and pp scattering. One of the most compelling arguments for a 
C — — 1 exchange in high energy scattering is provided by the pp and pp differential cross 
sections at the ISR where a deep dip in the former process is transformed into a shoulder 
in the latter. The second possibility is that the phenomenological odderon does exist, but 
that its coupling to the nucleon in elastic scattering at small t is extremely small. That 
is the view we take here. 

One successful approach to high-energy diffractive scattering is based on functional inte- 
gral techniques 0, [Kj and the use of the model of the stochastic vacuum (MSV) ]TT] to 
evaluate the correlation functions of the Wegner- Wilson loops which occur in the formal- 
ism when applied to hadron-hadron scattering [ 12] , |T3"[ . This gives a remarkably good de- 



scription of many different processes involving the exchange of vacuum quantum numbers 
TB| , |H[ |HS| , |TE| , |T7|] . This model can easily be extended to the exchange ofaC = P = — 1 



object, and it has been shown that the clustering of two quarks to form a diquark in a 
nucleon leads to a drastic reduction in the odderon- N-N coupling [l8| . The general result 
is rather model independent. It relies on the fact that the quark-diquark density in a 
nucleon is nearly symmetric under a parity transformation (if the diquark is sufficiently 
small) whereas the odderon coupling changes sign. Therefore there is a cancellation when 
the nucleon wave function is integrated over all angles. Specifically, in the MSV it has 
been shown that the formation of a diquark with a radius td < 0.3 fm yields sufficient sup- 
pression of the odderon coupling to the proton in order to be in agreement with the upper 
limit allowed by the measurements of the forward real part of the pp and pp scattering 
amplitudes. 

It should be stressed that this argument is only valid if the odderon is treated as a simple 
Regge pole near J = 1. If a more complicated situation is permitted, as in |19[, then 



2 A lot of theoretical work has been devoted to calculating perturbative QCD (pQCD) corrections to 
this type of odderon pL EL 0, fft. The result seems to be that such corrections have a small effect, for 
instance changing the (effective) intercept of the odderon trajectory ao(0) by less than 10% |j, [?], |) from 
the value of 1, which is the result for the lowest order three gluon exchange. 
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the phenomenology is very different and the suppression of odderon exchange in pp and 
pp scattering at high energies is much less marked. However the data do not require 
the additional complexity of double and triple poles, so until demonstrated explicitly 
otherwise we prefer to stay with the simplest model which agrees with data and which 
allows essentially parameter-free predictions. 

It is clearly advantageous if one can find high-energy reactions which permit odderon ex- 
change but exclude pomeron exchange. Exclusive neutral pseudoscalar meson production 
in ep scattering at high energies is one such, providing a direct probe for odderon exchange 



20| , Elf . Using a simple ansatz for the odderon, this cross section has been calculated 
p2| . Because of the suppression of the odderon-p-p coupling, the cross section due to 
photon-photon fusion is comparable to that expected at best from odderon exchange. 
Nonetheless there are kinematical distributions which could provide promising signals for 
the odderon. 

The suppression of the odderon coupling due to diquark formation does not hold if the 
nucleon is transformed diffractively into an excited negative parity state. In this case, 
even for a pointlike diquark the odderon couples to the nucleon without any restriction 



23fl giving promise of a significantly higher cross section for odderon exchange in, for 
example, ep — > e7r°X (where X stands for diffractively excited proton states) compared to 
ep — > e7r°p. In fact this is much more representative of the real experimental situation, 
as it is often not possible to say whether the proton has recoiled quasi-elastically or has 
been transformed into an excited state within some experimentally defined mass range. 
At HERA the upper limit for the recoil mass Mx is typically ~ 2 GeV. Accordingly we 
calculate the contribution from odderon exchange to pseudoscalar meson production with 
nucleon fragmentation in ep interactions at high energies , Fig. 1(a). To complement this 
we also calculate the contribution to the same process from photon exchange, Fig. 1(b). 
This latter calculation is exact, limited only by the errors on the ep total cross section 
for the (Q 2 ,Mx) range of relevance. When combined with the previous calculation 



of photon exchange for the quasi-elastic process this provides an absolute prediction for 
the cross section from the electromagnetic process alone. Any measurement deviating 
significantly from this would be strong evidence for the odderon. Thus we are considering 
electroproduction of a pseudoscalar meson PS = 7r°, 77, 7/, r\ c with nucleon break-up: 

e ± bi) + p(p) - e ± (p' 1 ) + PS(A;) + X(p x ). (1) 

We define q x = p 1 - p[, q 2 = qi - k = p x - p, s = (pi + p) 2 , W = s 2 = (qi + p) 2 , 
ti = Qi = ~Q 2 an d t 2 = q 2 - Here we treat the very small Q 2 range. In the HI experiment 



at HERA the kinematical cuts for this so called photoproduction region [24] are 



Vmin = 0.3 < y < 0.7 = y max , 

< Q 2 < 0.01 GeV 2 , (2) 

where, in the proton rest frame y = (pqi) / {ppi) is the fractional energy loss of the incoming 
lepton. Due to the cuts (EI) the photons emitted by the e ± are always nearly on shell, and 
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(a) (b) 

Figure 1: Feynman diagrams for pseudoscalar meson production in ep scattering at high 
energies with odderon (a) and photon (b) exchange. 



the equivalent photon approximation (EPA) [gSj is applicable. The total electroproduction 
cross section for producing a PS in terms of the EPA is given by 
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where m p is the nucleon mass and cr 7P is the total photoproduction cross section for the 
reaction. n(y) is the equivalent photon number for a given energy fraction of the 
incoming e transfered to the 7p subsystem. In the proton rest frame E = ppi/m p is 
the energy of the incoming e . The upper limit \t\ u is given by experiment @, |t| u =0.01 
GeV 2 , and \t\i=m 2 e y 2 / (1 -y). 



2 The odderon contribution 

For convenience we discuss the odderon exchange contribution to the reaction 7p — > vt°X. 
The conversion to an incident electron via the EPA is in principle straightforward, as is 
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the replacement of the 7r° by one of the other pseudoscalars. 

There are two apparently extreme approaches to this calculation. One is to assume that 
the system X is dominated by a small number of resonances, which for the odderon 
should be a good approximation. The second is to ignore any possible structure in the 
final system X and represent it simply by a free quark-diquark pair. Both calculations 
are performed and give similar results. 

We discuss first resonance production. The break-up of the nucleon by odderon exchange 
leads naturally to negative parity final states. The lowest lying nucleonic isoscalar states 
with negative parity are the iV(1520): J p = | and the iV(i535): J p = \ . These 
are both compatible with the diquark picture. For dynamical reasons a scalar diquark 
is favoured over a vector one p6| . The P-wave excitation of a quark and a scalar di- 



quark gives degenerate nucleon resonances with quantum numbers J p = | , \ which 
can readily be identified with these two observed states. 

It is easy to see that considering unpolarised cross sections, summed over both resonances 
the quark spin degree of freedom becomes irrelevant and the calculation reduces to one 
where a spinless state is exited to a 2P resonance. 

The scattering amplitude T(s 2 ,t 2 ), calculated in the 7p cm. system, can be expressed 
through a profile function J(b): 

T{s 2 ,t 2 ) = 2ts 2 [ d 2 6e l ^ b J(b). (4) 



The profile function is expressed in the model |y| as an overlap of a dipole-dipole scatter- 
ing amplitude J(b, r 1; z±, r 2 , z 2 ) where b is the impact parameter of two lightlike dipole 
trajectories with (transverse) size ri and r 2 respectively. The quantities Zx, z 2 are the 
longitudinal momentum fractions of the quarks in the dipoles. 

It is of course necessary to take a profile function corresponding to the exchange of a 
C=P=— 1 object ||18|| . Note that the model contains only the kinematical S2-dependence 



shown in (|]) which leads to an energy independent cross section. The parameters of the 
model[] are the same as those used in |23| which were fixed at an energy of ^J~s 2 =W=2§ 



GeV. We return to the question of energy dependence at the end of this section. 

Hadronic amplitudes for production of hadronic resonance states are obtained by smearing 
the dipole extensions with the respective transition densities: 

J(b)\,\„ = / -7—dzi 1 



An J 4tt 



The parameters of the pion-photon overlap can be found in |23|]. The MSV parameters are: a=0.31 



fm, (g 2 FF)=3.0 GeV 4 , S p =0.85 fm as determined in § 
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Here A, A 7 stands for the helicities of the photon and of the the orbital helicity of the 
resonance, respectively. In agreement with the other applications of the model we use for 
the quark-diquark wave function of the proton a Gaussian with an extension parameter 
S p adjusted to pp scattering and neglect the dependence on the longitudinal momentum 
fraction z 2 in the purely hadronic overlap. Thus we take for the proton wave function 



^P(r 2 ) 



Sri 



(6) 



As the orbital wave function for the low lying degenerate excited states we choose an 
ansatz analogous to the proton-wave function but in a P-state: 

*f (r 2 ) = * 2P (r 2 ) e' A <\ 

*- (r2) = riflp (7) 

with the same extension parameter S p as for the proton. An analogous strategy has been 
applied successfully for the excited p states [IE|| . In (|) we use q^ T as x-axis for the 
transverse vectors r\, r 2 and b, so 62 is the angle of r 2 in planar coordinates. The orbital 
helicity A of the 2P state can take the values 0, ±1, but the orbital helicity A = cannot 
be excited in our model. 



The photon-pion overlap is taken from [^3] 



i-^=f n e-^ 2 e iX ^ Zl (l - Zl )f( Zl ) (m q Ki(m 9 n) + n^KoKn)) (8) 

Here m q is the quark mass, m q = 0.22 GeV. For a justification of such a simple ansatz 
see |15| . It should be noted that the 77 decay width of the 7r° comes out correctly with 
this overlap. The function f(zi) is given by pBf : 



f(zi) = J\fy/zi(l - 2i)exp 
and uj and M are fixed by normalization. 



2uj 2 



(9) 



To take advantage of global azimuthal invariance it is useful to choose as new integration 



variables the relative angles between b and ri( 2 ) 9[^ 2 ) 



Ox 



(2) 



6h- Then with this choice 



of coordinates J in (|5|) becomes independent of 8b and inserting (P), (0) and (^|) into the 
scattering amplitude (§J) we get 
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where the wavefunctions now only depend on JV2). Using the relation 



2- 



d0 b e iV ^ bcos(eb) e ine » = {i) n 2itJ n (^T 2 b) (11) 

we can now perform the 8f, integration and obtain finally for the scattering amplitude 

f f d 2 ri f d 2 r 2 
7a,a 7 = 2«s 2 I bdb I — — dzi 

x 



47T ./ 47T 

^* 2P (r 2 W p (r 2 ) 
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*}fxh 2 (ri> z iM 7 ,fh lh M> z ^ 

fMM 

x e^ +x0 >\-i)( x+x -h7rJ {x+Xy) (V=hb) J(b,r h z h r 2 ). (12) 



The resulting differential cross section is: 

da® v 1 1 



dt 2 16tts|2 . x 



One of the features of the result ( |i"3|) is, that the differential cross section in the forward 
direction (t 2 = 0) does not vanish due to the appearence of the Bessel function J in ( |i~2"D 
for A + A 7 = 0. The differential cross section (|13D for photoproduction is displayed in Fig. 
^. The integrated cross section is: 

<r° p ( 7 p - 7r°{2P}) = 294nb. (14) 

As this photoproduction cross section is constant, i.e. independent of s 2 , the EPA con- 
version to electroproduction can be achieved by simply multiplying it with a constant 
cepa = 0.0136 corresponding to the y integration in (3). This gives 

a°(ep -> e7r°{2P}) = 4.01 nb. (15) 

The other possibility, namely treating the final state X in (|5]) as a free quark-diquark pair, 
is achieved by approximating the final state by a plane wave. This is effectively invoking 
quark-hadron duality, and should be a reasonable approximation if we are not interested 
in the local form of the mass spectrum of X but only in the integral over the full mass 



spectrum. In this case the integrated cross section was found to be [23 



<4(7P- A) =341nb (16) 

consistent with (14). 

A good check for the use of quark-hadron duality in diffractive processes is provided by 
the application of a similar method to the reaction 7p — > pX and its comparison with 
elastic p photoproduction. One obtains in the model [ 16] : 

cr(7p — > pp) = 7.9 fib (17) 
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Figure 2: The differential cross section da^ v /dt 2 of the process 7p — > 7r°{2P} as a function 
of t 2 . (A fit to this curve is: da® p /dt 2 —a exp(—bt 2 — ct\) where a = 1523 nb, b = 
5.44GeV" 2 , c = -0.80GeV" 4 ) 



in good agreement with the pomeron contribution 29 at W = 20 GeV to the total p 



photoproduction cross section |P0|| . For the ratio one obtains^ 

q(7P -» pX) 
a(7p -> pp) 

in agreement with the data at HERA energies |31 . 



1.5. 



It should be noted that the results for diffractive dissociation depend much more on 
the choice of the wave functions than for elastic processes. In the latter the overlap 
becomes essentially the density and is constrained by normalization. The photon-pion 
overlap has been tested to some extent by the pion radiative decay, but there is no such 
test for the proton-2P overlap. The odderon contribution is also much more sensitive to 
the parameters of the MSV than pomeron exchange. We have also applied the matrix 



cumulant expansion technique ||17 |, and with the approximations as done there we found 
results differing from the above ones at most by 50 %. Taking all these uncertainties into 
account we estimate the uncertainty in the cross section in this model calculation to be 
at least a factor 2 at W = 20 GeV. 

Finally we return to the question of energy- dependence. In hadron hadron scattering the 
increase of the cross sections together with the shrinking of the diffraction peak can be well 



l We thank S. Weinstock for communicating this result prior to publication. 
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reproduced in this model by scaling the hadronic radii by (W 2 /400 GeV 2 ) ' 08 / 3 13, [T? 
Assuming that the same radial scaling reproduces the energy dependence of the odderon 
contributions we find that the integrated cross section scales like (W 2 /400 GeV 2 ) - 15 , 



leading to an enhancement of ca. 1.8 for HERA energies as compared to v W = 20 GeV. 



3 The electromagnetic cross section 

In this section we consider PS production mediated by photon rather than odderon ex- 
change (Fig. lb). Again the proton, now hit by the photon, is allowed to go into some 
hadronic final state. 



The coupling of a pseudoscalar meson PS to two photons is fixed as described in 
The Lorenz structure is that of the triangle anomaly where the strength of the coupling, 
parametised by a constant ups, can be extracted from the partial decay width of the PS 
decaying into two photons. The scattering amplitude in leading order perturbation theory 
of the electroweak interaction is 

S fi = i (27r) 4 5 4 (p + pi -p[ - k-px) T fi , 

1 1 

T fi = -eu(p 1 )7 /i M(pi) — u PS q{q a 2 T(t u t?) — 

x(X(p x )\er(0)\P(p)). 2 (19) 

Here J u is the hadronic part of the electromagnetic current^ and the form factor T(t 1} t 2 ) 
is given in terms of a vector meson dominance ansatz (cf . |22|] ) . 



We are not interested in properties due to polarisation of the initial and final state particles 
and so average over the initial particle polarisations and sum over the final ones. In 
addition we are also not interested in momentum distributions of the outgoing hadrons 
except, clearly, for the PS. For this reason we perform the integrations over their momenta. 

Summing over all kinematically accessible states X the differential cross section can be 
written as 



rfV = ** ^ P, 
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Here W piJ is the usual hadron tensor as defined for example in chapter 18 of [[32] involving 
the two invariant functions W\ and Wi- If the sum over all kinematically accessible 

5 Throughout this Section all notations are as in |33] 
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states is restricted to some subset invariant under Lorentz and parity transformations the 
two invariant functions Wi 7 2 which appear in change, whereas the tensor structures, 
multiplied by Wip, do not. The photoproduction cross section of (3) for photon exchange 
cr 7P (s 2 ) is given by 

7 ( \ — f *^ 3 ^ ^ ^ i 

a ^ [S2) ~ J 2k°(2rt) 3 2w(s 2 ,m 2 ,t 1 ) 2 [ ~ 9 j 



f 2 rp2 2 a P 7 S\ 

yU PS l e €^ UJOl f3q l q 2 € l/fn $q 1 q 2 ) 



1 

'2 



(2n)(2m p )W puJ . (21] 



We now evaluate ([H]) using the data on total 7*p cross section collected in [33] where the 
7*p cm. energy is below 2.0 GeV and < [^l < 6.0 GeV 2 . As a check on the procedure 
we compare the result for the A(1232) resonance region with an explicit calculation of A 
electroproduction. 



3.1 The resonance region 

The total 7*p absorption cross section E = o T + ecr^ in the region of the main nucleon 
resonances has been determined in inelastic electron proton scattering experiments. With 



the kinematical definitions of [34 the relation of &t and to W\ y 2 is: 



1 Ml -m 2 r 
47T 2 a 2 m r 



W^M^ql) = -^— n p -a T (M 2 x ,q 2 2 ), 



"p 

1 ]\/[ 2 _ m 2 

W 2 (M 2 X , q\) = — -X p - (1 - v'/ql)- 1 [a T (M 2 x , q\) + a L (M 2 x , q 2 2 )}, 

Aix z a 2 m p 

1 (M 2 x -m 2 -q 2 2 ). (22) 



2m p v " v 



Here a is the fine structure constant. For very small photon virtualities there are pho- 



toproduction data in addition. In |33| all these data have been combined to extract the 
following parametrisation of £ as a function of the photon virtuality q 2 and the invariant 
mass squared of the final state M x 



^ (4) = a(M 2 ) + b(M 2 x ) In (M) + c(M |)| In (M) 

1 



G ° {q2) ~ (l-q 2 /0.7lGeV*r (23) 

Gb is the dipole form factor, |qr 2 | ([q^lo) is the absolute value of the photon momentum in 
the proton rest frame for photon virtuality q\ (q 2 = 0). The fit is restricted to the range 
1.11 < M x < 1.99 GeV. The functions a,b,c are given in E3] only at discrete pointsf]. 

6 In the range 1.11 < M x < 1.755 in steps of AM X =0.015 GeV and in the range 1.755 < M x < 1.990 
in steps of AM X =0.02 GeV. 
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The function d is taken to be a constant, d = 3.0. To convert the fit to a continuous 



function in M\ and q\ we represent E as a histogram. Fig. 
a fixed photon virtuality of q\ = —0.1 GeV 2 . 



shows as an example E for 




1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 

M x /(GeV) 

Figure 3: The 7*p absorption cross section E for q\ = —0.1 GeV 2 as a histogram using 
the parametisation (f23|) 



It was shown in |]33] that the total virtual photon-proton cross section for longitudinal 
photons <jl is small in the resonance region, so we neglect it in our discussion. Setting 
thus a? — E, <Jl — in ( ^2) we get an analytic expression for the hadron tensor and 
are in a position to calculate the inelastic PS production cross section (^1|), summing over 
all hadron final states \X) with invariant mass 1.11 < Mx < 1.99 GeV. 

As a specific check on our procedure we shall want to focus on a particular mass range, 
namely that of the A(1232) resonance. This can be achieved as follows. We multiply 
a 7P (s 2 ) in (f21J) by 



dM x 5(p 2 x -M 2 x ) 



(24) 



and define 
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(25) 
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Contracting the Lorentz indices in ( p5|) , inserting the explicit form of the hadron tensor 
and expressing the invariant functions through we get finally for the cross section of 
inelastic PS production 



a • 
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x, 



(26) 



The integration limits with respect to t 2 are just the kinematical limits of the two by two 
process 7 + p — > PS + X as given, for example, in |35H . 

In the second row of Tab. |I| we list our results for the total cross section of inelastic PS 
electroproduction in the photoproduction region (0), calculated from (^). These values 





ff^ep -> ePSX) 


cr 7 (ep — > ePSp) 




2.0 pb 


78.1 pb 


V 


1.9 pb 


56.4 pb 


7/ 


3.1 pb 


83.6 pb 


Vc 


0.3 pb 


3.83 pb 



Table 1: Total cross section for for inelastic and elastic PS electroproduction by photon 
exchange. 



are compared in the third row of Tab. |T] to the results of elastic PS production calculated 
in terms of the EPA in ||22|| . As we can read off from Tab. [I] the contributions from the 
inelastic PS production integrated cross sections are very small compared to the elastic 
ones. However in experimental analyses one typically has to make additional cuts on the 
data and, of course, this will change the ratio of inelastic to elastic contributions. We 
explore this first for the /^-distribution. 

To compare with the results of [53] it is convenient to plot the differential cross section 
with respect to the logarithm of —t 2 rather than da 1 jdt 2 . Our results for tt° production 
are shown in Fig. |], together with the results of []22J for the elastic case. The cross 
sections for the other pseudoscalar mesons in essence scale as the coupling constants u 2 PS . 
It is immediately clear that the large difference in integrated cross section between the 
elastic and inelastic case is coming from the region of very small l^l- In the limit £2^0 
da 1 jdt 2 goes to a constant for the break-up calculation and simultaneously the available 
phase space region in t 2 becomes smaller and smaller. This results in the decrease of the 
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logarithmic distributions in Fig. [| for |t 2 | < 10~ 2 . In the case of the elastic production 
da"' ' jdti increases as l/|t 2 | a s ^2 ~~ ► 0. The corresponding logarithmic distribution then 
shows a plateau which is cut off by the upper phase space limit of t<i P2|. Another and 
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Figure 4: The Log 10 (— ^) distributions for elastic tt° production (solid line) taken from 
[22] compared to case of inelastic production (dashed line), integrated over the whole 
resonance region (1.11 < Mx < 1.99 GeV). 



experimentally preferred variable to measure is \kr\ = kx, the transverse momentum of 
the pseudoscalar mesons, defined relative to the beam axis. At HERA kr distributions 
can be measured for values of greater than 0(0.1 GeV). The photoproduction cuts of 
(0) restrict the transverse momentum of the incident photon to be smaller than 0(0.1 
GeV), so in our case there is practically no distinction between the beam axis and the 
photon axis. Then within the accuracy of the EPA calculations we have t<i = —k\. The 
complete electromagnetic result da" 1 jdfa for all four pseudoscalars is shown in Fig. |5|. 
We see that applying a cut fa > 0.1 GeV the break-up cross section represents a much 
larger fraction of the total then for the integrated cross sections (Table 1). 



3.2 The A(1232) resonance 

In this section we consider the hadron final state |X) to be the resonance A(1232), and 
evaluate the cross section in two ways. Firstly we use the procedure of Section 3.1 but 
restrict ourselves to the A region which we define as 1.11 < Mx < 1-40 GeV (see Fig. 

Secondly the A is treated in the isobar model as a stable particle (zero width 
approximation) of spin 3/2. 

A spin 3/2 particle can be described [|37| by a vector-spinor which is contained in the 
direct product of the vector and the Dirac representation of the Lorenz group: 
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Figure 5: (a) The complete electromagnetic result for the kx distributions of 7r° (solid 
line), rj (dashed line), rj' (dashed dotted line) and r\ c (dotted line) production, (b) The 
elastic (dashed dotted line) and the inelastic contribution (dashed line) together with the 
full electromagnetic result for pion production 



^~^)®[(^0)©(0,~)]. 

To project out the spin 3/2 part of this reducible representation corresponding to the 
A-particle one has to require 7 M i? M =0 and p A R p =0 |37|, |38| and that every component 
of i? M fulfills the Dirac equation (pa-7 — m A )R^=0. Let R p (p A) i) (i=l,.. .,4) be a set of 
normalised basis vector-spinors: 

R li (pA,i)R IM (pA,j) = 6 ij i,j = l,...,4. (27) 

To calculate the partial width or the total and differential cross sections we only need 
the polarisation sum S^ u . Using the above conditions we get for the polarisation sum 
{v A = p A /M A ) 



5""(pa) = ^^( PA ,i)^(p A ,z) 

i 

1/7.17 A + 1\ f"/.V A + l\ 

= g(— 2— J(3^ -2<v*->fir){—2—). 
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The coupling of the A resonance to the proton and the photon is parametrised through 



^e„ upa f A p«G D (ql), (29) 



which corresponds to the covariant formulation of the isobar model |36|. Here Gd is 
defined in (23) and / 7 # is the coupling constant. From (]29f) together with (p8|) we can 
calculate the A decay into a real photon and a proton. The result is 



e 2 f 2 R (Mj-m 2 ^ 
3tt 8Ml 



r(A+ -> P7 ) = v ' ^ py ■ (30) 



This partial decay width is known experimentally £5J, T(A + — > pj)= 0.65 ± 0.02 
MeV. Taking the central value from which it follows that / t r=2.4. Now everything is 
fixed and we can easily derive the hadron invariant functions W^, W 2 A : 



u " = ^%((^) 2 -«)/(M 2 ,t 2 )5(b + g 2 )^-Mi) 



jR^D if n2 2 2\ 



W? = {^(- P 2 q 2 2 )f(p q 2,t 2 )6(( P + q2 r-M'i J , 
/(P92, *a) = { (m P + 2M A )m 2 + 2(m p + M A )pq 2 + m p (M 2 A + t 2 ) }. (31) 



i 2 2\ , , „ n2 /.^ 



Having derived the hadron tensor it is then simply a task of contracting indices to get 
the cross section of photon proton scattering into a PS and the A + and, by applying the 
EPA, the total electroproduction cross section. 



((m p + M A ) 2 -t 2 ) 



J 7 P 2 f 2 ^2 2 T 2 

a °7P _ e J^R^ D a PS 1 

dt 2 ~ 384m p M A 7r(s 2 - m 2 ,) 2 ^ 



{mp 5 (m 2 - Ml) 2 - 2t 2 m 2 PS (M 2 A (m 2 PS + M 2 A - s 2 ) + m 2 p (s 2 - Mi)) + 
t\{m\ + m PS + Mi + 2m 2 PS {2M 2 A - s 2 ) + 2m 2 p (m 2 PS - s 2 ) - 

2M 2 A s 2 + 2s 2 2 ) + 2tl(s 2 - m 2 p - m 2 PS - Ml) + 4 } (32) 

This calculation is compared with the result for da / dLog 1Q (—t 2 ) of Sect. 3.1, restricted 
to the A region in Fig. ^|a. The comparison is quite satisfactory. The deviations can be 
understood qualitatively by plotting ax = £ from (|23| ) at Mx = 1.215 where the curve in 
Fig. |H has its maximum, as a function of t 2 together with gt calculated from in (|31~D 
using the definition (B^) and replacing the ^-function in fl3~T|) with 1/(-kM a Y) where V is 
the total width of the A, Y « 120 MeV |5f (Fig. |). For |i 2 | < 0.1 GeV 2 the fit (g|) to 
the measured cross section E is somewhat larger due to a significant S-wave component 
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Figure 6: (a) Log 10 (— 1 2 ) distributions for the delta resonance region, calculated from 
the 7*p cross section data as explained in Sect. 3.1, integrated over the invariant mass 
range 1.11 < M x < 1-4 GeV (dashed line), and from the isobar model (solid line), (b) 
<jt = S at Mx = 1.215 GeV from (^) as a function of t 2 (dashed lines) compared with 
ctj- calculated from W^. 

which is absent in the calculation of the A alone but the shapes are nearly the same. For 
1^2 1 > 0.1 GeV 2 the model calculation of cry decreases too slowly compared to experiment. 
In essence this translates directly into the shapes of Fig. ||a where for \t 2 \ < 0.1 GeV 2 
the differential cross section with respect to the logarithm of the exact result is a little 
bit larger than the one of the model calculation whereas for \t 2 \ > 0.1 GeV 2 the model 
calculation overshoots the exact one. 

4 Conclusions 

We have calculated pseudoscalar electroproduction by odderon exchange with nucleon 
dissociation in a specific model which has proven successful in processes dominated by 
pomeron exchange. The principal conclusion is that the cross section is significantly larger 
for nucleon breakup than when the nucleon remains intact. We have also presented the 
results of an "exact" calculation of the same process by photon exchange. When combined 
with the previous calculation for the elastic case |22[ we have a precise prediction for the 
purely electromagnetic cross section. 

In Fig. |7] we show for 7r° production the distribution of the pion's summed over the 
elastic and inelastic channels for the electromagnetic and the odderon exchange. Inter- 
ference terms are not taken into account here. Even taking the most pessimistic view of 
the uncertainties in the model the process should be observable at HERA. This would 
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Figure 7: The kx distribution in pion production for odderon exchange (solid line) calcu- 
lated from the amplitude (|TJ) of Sect. 2 compared to the complete electromagnetic result 
(dashed line). Interference contributions are not taken into account. 

establish the soft odderon as an exchange-object in high energy scattering on equal foot- 
ing with the soft pomeron. On the other hand failure to observe any significant deviation 
from the electromagnetic result would be clear evidence for the complete failure of our 
model. One possible conclusion would then be that the soft odderon really does not exist 
and that our understanding of diffractive processes is much less than is believed. 

The competing hadronic process, Reggeised u exchange, can be estimated from what is 
known about it photoproduction at low energies, \fs < 5.5 GeV and the falloff with 
energy given by Regge theory: da / dt2\ u -exch ~ s 2a ^w- 2 with 0^(0) ~ 0.18 to 0.5. The 
result is very much smaller than the calculated odderon contribution and is not a serious 
background to it. However it could conceivably be sufficiently large to interfere with the 
photon exchange amplitude and so simulate a very weakly-coupled odderon. 
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